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(57) ABSTRACT

Methods of fruit thinning fruit bearing plants using photo-
synthesis inhibiting fruit thinning agents are disclosed.
Methods of determining the amount and/or timing of a first
dose of photosynthesis inhibiting fruit thinning agents to be
applied to a fruit bearing plant to thin fruit on the plant are
disclosed. Methods of determining whether a second appli-
cation of photosynthesis inhibiting fruit thinning agent is
required to be applied to thin fruit on the plant, and if so the
amount and/or timing thereof, are also disclosed. Methods of
determining whether a dose of a photosynthesis inhibiting
fruit thinning agent is required to be applied to a fruit
bearing plant to thin fruit on the plant.
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METHOD FOR FRUIT THINNING

FIELD

[0001] The present subject matter relates to a method for
fruit thinning a fruit bearing plant.

BACKGROUND

[0002] Thinning is considered to be an extremely impor-
tant economic measure in pome fruit growing and in the
commercial cultivation of other fruit crops. Thinning relates
to the reduction in number of the pistillate flowers or of the
number of fruit by mechanical means (by machine or hand)
or by chemical thinning agents. Fruit thinning allows for an
improved fruit size, color and/or quality and substantially
improve profitability of the orchard. Fruit thinning may
further allow for (i) improvement of flowering in a year
subsequent to a year with fruitful flowering, (ii) breaking
and preventing biennial bearing in endangered varieties and
young plantations, (iii) avoiding the breaking of overloaded
branches, (iv) avoiding pronounced exhaustion of the plant
and (v) the associated reduced low-temperature resistance of
the plant.

[0003] Thinning by hand is not an option in most growing
regions owing to the costs involved. Thinning with machines
is possible to a limited extent only, due to the difficulty of
providing effective thinning while avoiding damage to the
plant.

[0004] The use of photosynthesis inhibiting chemical thin-
ning agents is described in U.S. Pat. No. 8,826,587 and
Byers et al. (1990), which are hereby incorporated by
reference.

[0005] Consistent and controlled thinning is especially
critical in fruit bearing plants, where each fruit competes for
resources from the tree. Too high of a fruit set on individual
plants drastically reduces the size of each fruit and so
reduces the sizing grade of the crop.

[0006] In general, it is very difficult for farmers to deter-
mine whether or not chemical thinning agents should be
used, and if so, the amount and timing thereof, because
many factors affect the final fruit load during and after the
spraying season. It is also difficult to determine the efficacy
of the first application of the fruit thinning agent, due to a
large number of factors affecting the development of a fruit
bearing plant, and as such the growth of the fruit on the
plant. Fruit thinning agents may only be applied to the fruit
bearing plant during a specific development stage of the
fruit. A thinning agent applied too late may not only fail to
thin, but may also stunt the growth of the fruit.

[0007] As such, it is critical to quickly determine the
efficacy of the first application of the fruit thinning agent and
to quickly decide if a second treatment is needed and in what
dosage.

SUMMARY

[0008] Inanembodiment, the invention provides a method
of fruit thinning a fruit bearing plant, comprising:

[0009] (i) applying an amount of a first dose of a
photosynthesis inhibiting fruit thinning agent to a fruit
bearing plant;

[0010] (ii) determining whether a second dose of the
photosynthesis inhibiting fruit thinning agent needs to
be applied, and if so the calculated amount of such
dose, based on measurement at a time after the appli-
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cation of the first dose of the photosynthetic activity of
the fruit bearing plant; and

[0011] (iii) if needed, applying the calculated second
dose of the photosynthesis inhibiting fruit thinning
agent, thereby fruit thinning the fruit bearing plant.

[0012] In another embodiment, the invention provides a
method of fruit thinning a fruit bearing plant, comprising:
[0013] (i) applying a first dose of a photosynthesis
inhibiting fruit thinning agent to a fruit bearing plant;
[0014] (ii) determining whether a second dose of the
photosynthesis inhibiting fruit thinning agent needs to
be applied, and if so the calculated amount and timing
of such dose, based on
[0015] a) measurement at a time after the application
of the first dose of the photosynthetic activity of the
fruit bearing plant; and

[0016] b) meteorological data from the time of appli-
cation of the first dose and the forecast of impending
meteorological data affecting the fruit bearing plant;
and

[0017] (iii) if needed, applying the calculated second
dose of the photosynthesis inhibiting fruit thinning
agent, thereby fruit thinning the fruit bearing plant.

[0018] In another embodiment, the invention provides a
method of fruit thinning a fruit bearing plant, comprising:

[0019] (i) applying a first dose of a photosynthesis
inhibiting fruit thinning agent to a fruit bearing plant;

[0020] (i) measuring at a time after the application of
the first dose at least the photosynthetic activity of the
fruit bearing plant;

[0021] (iii) obtaining meteorological data from the time
of application of the first dose and the forecast of
impending meteorological data;

[0022] (iv) determining whether a second dose of the
photosynthesis inhibiting fruit thinning agent is needed
based on both the measurement obtained in step (ii) and
the meteorological data obtained in step (iii), and if
needed, calculating the amount and timing of the sec-
ond dose; and

[0023] (v) if needed, applying the calculated second
dose of the photosynthesis inhibiting fruit thinning
agent, thereby fruit thinning the fruit bearing plant.

[0024] In another embodiment, the invention provides a
method of determining the amount of a first dose of a
photosynthesis inhibiting fruit thinning agent required to be
applied to a fruit bearing plant to thin fruit on the plant
comprising:

[0025] (i) obtaining meteorological data affecting the
fruit bearing plant, and

[0026] (ii)) determining the amount of the first dose
based on the meteorological data obtained in step (i).

[0027] In another embodiment, the invention provides a
method of determining whether a second dose of a photo-
synthesis inhibiting fruit thinning agent is required to be
applied to a fruit bearing plant to thin fruit on the plant, and
if so, the amount and timing thereof, comprising:

[0028] (i) obtaining a measurement of photosynthetic
activity of the fruit bearing plant following the appli-
cation of a first dose of a photosynthesis inhibiting fruit
thinning agent to the fruit bearing plant;

[0029] (ii) obtaining meteorological data from the time
of application of the first dose and the forecast of
impending meteorological data; and
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[0030] (iii) determining whether a second dose of the
photosynthesis inhibiting fruit thinning agent is needed
based on both the measurement obtained in step (i) and
the meteorological data obtained in step (ii).

[0031] In another embodiment, the invention provides a
method of determining whether a second dose of a photo-
synthesis inhibiting fruit thinning agent is required to be
applied to a fruit bearing plant to thin fruit on the plant, and
if so, the amount and timing thereof, comprising:

[0032] (i) obtaining a measurement of photosynthetic
data of the fruit bearing plant following the application
of a first dose of the photosynthesis inhibiting fruit
thinning agent; and

[0033] (ii) determining whether a second dose of the
photosynthesis inhibiting fruit thinning agent should be
applied to the fruit bearing plant.

[0034] In another embodiment, the invention provides a
method of determining whether a dose of a photosynthesis
inhibiting fruit thinning agent is required to be applied to a
fruit bearing plant to thin fruit on the plant comprising:

[0035] (i) obtaining meteorological data affecting the
fruit bearing plant and/or a measurement of photosyn-
thetic activity of the fruit bearing plant, and

[0036] (ii) determining whether a dose of a photosyn-
thesis inhibiting fruit thinning agent is required based
on the meteorological data and/or photosynthetic activ-
ity obtained in step (i).

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a flow diagram illustrating a method of
fruit thinning a fruit bearing plant.

[0038] FIG. 2 illustrates the evaluation results of the first
application of a fruit thinning agent.

TERMS

[0039] Prior to setting forth the present subject matter in
detail, it may be helpful to provide definitions of certain
terms to be used herein. Unless defined otherwise, all
technical and scientific terms used herein have the same
meaning as is commonly understood by one of skill in the art
to which this subject matter pertains.

[0040] The term “a” or “an” as used herein includes the
singular and the plural, unless specifically stated otherwise.
Therefore, the terms “a,” “an” or “at least one” can be used
interchangeably in this application.

[0041] Throughout the application, descriptions of various
embodiments use the term “comprising’’; however, it will be
understood by one of skill in the art, that in some specific
instances, an embodiment can alternatively be described
using the language “consisting essentially of” or “consisting
of.”

[0042] For purposes of better understanding the present
teachings and in no way limiting the scope of the teachings,
unless otherwise indicated, use of the term “about” or
“approximately” herein specifically includes £10% from the
indicated values in the range. In addition, the endpoints of all
ranges directed to the same component or property herein
are inclusive of the endpoints, are independently combin-
able, and include all intermediate points and ranges.
[0043] As used herein, the term “fruit bearing plant” refers
to any plant that produces fruit. Fruit bearing plants may
include fruit bearing trees (such as apple, pear, quince, nut,
and citrus trees), fruit bearing bushes (such as strawberry,
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raspberry, blackberry, and blueberry bushes), and fruit bear-
ing vines and ground covers (such as melon, cucumber, and
grape vines).

[0044] As used herein, “photosynthesis inhibiting fruit
thinning agent” refer to an agent applied to fruit-producing
plants which results in inhibition of photosynthesis in the
plant and also results in a reduction in the number of
pollinated flowers and/or fruits produced by the plant. Spe-
cific photosynthesis inhibiting fruit thinning agents, such as
metamitron, chloroxuron, fluometuron, cyanazine, terbacil,
simazine, propazine, terbutryn, dipropetryn, metribuzin,
diuron, and bentazon, are described in U.S. Pat. No. 8,826,
587 and Byers et al. (1990), the contents of each of which
are hereby incorporated by reference.

[0045] BBCH numbers, such as BBCH71 and BBCH72,
are references to the BBCH scale disclosed in “Growth
stages of mono-and dicotyledonous plants” by the Federal
Biological Research Centre for Agriculture and Forestry
(2001), the contents of which are hereby incorporated by
reference.

[0046] References to “calculating a second dose” and
similar phrases are understood to also encompass calculating
a range of second doses.

[0047] Embodiments will hereinafter be described in
detail below with reference to the accompanying drawings,
wherein like reference numerals represent like elements.
The accompanying drawings have not necessarily been
drawn to scale. Any values illustrated in the accompanying
graphs and figures are for illustration purposes only and may
not represent actual or preferred values. Where applicable,
some features may not be illustrated to assist in the descrip-
tion of underlying features.

DETAILED DESCRIPTION

[0048] With reference to FIG. 1, in step S101 prior to
applying a first dose of the photosynthesis inhibiting fruit
thinning agent, a number of parameters may be evaluated.
These parameters may be evaluated to determine the time of
the application of the first dose and the amount of the first
dose to be applied. A first set of parameters may include
assessing the overall status of the orchard. This may include
but is not limited to the size of the fruit, blooming intensity
of'the fruit, quality of the flower buds, age of the wood, level
of vigor, age of tree, crop load, competition within clusters
and canopy cover.

[0049] A second set of parameters may comprise meteo-
rological data. The meteorological data may include but is
not limited to a multi-day weather forecast of daytime
temperatures, nighttime temperatures, amount of sunlight,
cloud cover and humidity. Preferably, the meteorological
data will include average nighttime temperature, maximum
daily temperature, minimum daily temperature, and/or daily
radiation. In one embodiment, the nighttime temperature is
the average hourly temperature between 7 pm to 7 am. In
one embodiment the meteorological data will include aver-
age nighttime temperature and average daily radiation. In
another embodiment, the meteorological data will include
maximum daily temperature, minimum daily temperature,
and daily radiation. A multi-day weather forecast may
include a weather forecast of at least one day, at least 2 days,
at least 3 days, at least four days, at least 7 days or more.
Preferably, the multi-day weather forecast includes a
weather forecast of at least 7 days.
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[0050] According to an embodiment, the multi-day fore-
cast may include a period of time before and/or after the first
application of the fruit thinning agent. For example, the
weather forecast may include one to two days preceding the
first application and/or one to two days after the first
application. Preferably, the multi-day weather forecast
includes a weather forecast of 3 days or 5 days prior to the
application of the first dose. In one embodiment, the multi-
day weather forecast includes the weather forecast for the
7th, 6th, and 5th day prior to the application of the first dose.
In another embodiment, the multi-day weather forecast
includes the weather forecast for the 6th, Sth, and 4th day
prior to the application of the first dose.

[0051] In another embodiment, the meteorological data
includes a multi-day forecast of average nightly temperature
and average daily radiation over a period of 3 days prior to
the application of the first dose. In yet another embodiment,
wherein the meteorological data includes a multi-day fore-
cast of maximum daily temperature, minimum daily tem-
perature, and daily radiation over a period of 3 days prior to
the application of the first dose.

[0052] The multi-day forecast may also include a period of
time before and/or after the second application of the fruit
thinning agent. Preferably, the multi-day weather forecast
includes a weather forecast of 3 days or 5 days prior to the
application of the second dose.

[0053] According to a preferred embodiment, the meteo-
rological data from the time of the first application com-
prises meteorological data from the 8%, 7%, 6, 5% and 4"
day prior to the application of the second dose. In another
preferred embodiment, the meteorological data from the
time of the first application comprises meteorological data
from the 7%, 67, 5% 4% and 3’ day prior to the application
of the second dose. In one embodiment, the meteorological
data includes a multi-day forecast of average nightly tem-
perature and average daily radiation over a period of 5 days
prior to the application of the second dose. In one embodi-
ment, the meteorological data includes a multi-day forecast
of maximum daily temperature, minimum daily tempera-
ture, and daily radiation over a period of 5 days prior to the
application of the second dose.

[0054] Meteorological data may be used to evaluate the
carbohydrate balance of the fruit bearing plant. Generally,
the demand of carbohydrate in a fruit bearing tree is mainly
related to temperature, fruit size, growth power of shoots,
and tree variety. The supply of carbohydrate in a fruit
bearing tree is mainly related to radiation. Many models
have been established to evaluate the carbohydrate balance
of the fruit bearing plant. In order to determine the amount
and/or the time of application of the first and/or second
application of the fruit thinning agent, one or more of these
carbohydrate balance models may be used. The input vari-
ables used in these models may also be used, either sepa-
rately or in any combination, to determine the amount and/or
time of application of the first and/or second application of
the fruit thinning agent even if the entire model is not used.
[0055] Lastyear’s reserve of dry matter in the fruit bearing
tree may also be used to evaluate the carbohydrate balance
of the fruit bearing plant. None of the currently available
carbohydrate balance models use last year’s reserve of dry
matter for evaluating carbohydrate balance. Generally, there
is less reserve from the previous year if there has been heavy
crop production in the previous year and/or if the preceding
winter was relatively warm.
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[0056] Some examples of known carbohydrate balance
models that may be used to determine the amount and/or
time of application of the first and/or second application of
the fruit thinning agent includes the MaluSim model, the
Ag-Radar model, and the Clever model. The MaluSim
model has been described in Robinson, T. L. and A. N.
Lakso, New York Fruit Quarterly Vol. 19(1): 15-20 (2011),
which is hereby incorporated by reference. The MaluSim
model calculates dry matter production and consumption in
the fruit bearing plant based primarily on photosynthesis
level and leaf area, and it is discussed in more detail on page
11, infra. The Ag-Radar model and the Clever model cal-
culates dry mass production based primarily on daily radia-
tion and temperature.

[0057] Upon completion of the evaluation, the amount of
photosynthesis inhibiting fruit thinning agent to be applied
on the fruit bearing plant may be determined. As is known
in the art, the amount of fruit thinning agent to be applied
may be derived from the product label which may be largely
based on the hereinabove parameters. According to an
embodiment, the first dose S103 of the fruit thinning agent
may be applied at a rate of approximately 0.05 to 4 kg/ha.
Persons having ordinary skill in the art will appreciate that
the maximum amount of 4 kg/ha is a total amount for two
or more active ingredients, and that the amounts in the
following embodiments are the preferred amounts for one
active ingredient. In one embodiment, the application rate of
the first dose may be approximately 0.05 to 2.5 kg/ha. In
another embodiment, the application rate of the first dose
may be approximately 0.05 to 2.2 kg/ha. In another embodi-
ment, the application rate of the first dose may be approxi-
mately 0.75 to 2.5 kg/ha. In a further embodiment, the
application rate of the first dose may be approximately 1.1
to 2.2 kg/ha. In one embodiment, the application rate of the
first dose may be approximately 1.1 kg/ha. In another
embodiment, the application rate of the first dose may be
approximately 1.65 kg/ha. In another embodiment, the
application rate of the first dose may be approximately 2.2
kg/ha.

[0058] According to an embodiment, the application rate
of water for the fruit thinning agent may vary. The applica-
tion rates of the fruit thinning agent cannot generally be
defined, as it varies depending upon various conditions such
as the type of the formulation, and their concentration in the
formulations. In one embodiment, the application rate may
be 100 1/ha to 1500 Vha. In an embodiment, the application
rate may be 500 to 1500 Vha. In an embodiment, the
application rate may be 500-1000 V/ha. In an embodiment,
the application rate may be 1000-1500 l/ha. In an embodi-
ment, the application rate may be approximately 500 V/ha,
750 Vha, 1000 Vha, 1250 1/ha, or 1500 /ha. Preferably, the
application rate is 1000 1/ha. However, lower water appli-
cation rates of 100 to 500 1/ha may also be used in certain
embodiments. In one embodiment, the application rate may
be 100 to 500 1/ha, 200 to 500 1/ha, 300 to 500 1/ha, or 400
to 500 V/ha. Preferably, the application rate is 300 l/ha.

[0059] As is known in the art, the desired application rate
may be based on a number of different factors, which may
include but are not limited to orchard history, pollination
effectiveness, age of plant, condition of roots, shading of the
fruitlets, quality of the soil, adequacy of the nutrients being
supplied to the plant, amount of bloom, fruit clustering,
weather conditions, and variety of fruit.
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[0060] Time of application of the first and/or second dose
may be determined based on meteorological data affecting
the fruit bearing plant. The first application of the photo-
synthesis inhibiting fruit thinning agent may be applied at a
fruiting stage of, preferably 8 to 30 mm, especially prefer-
ably 8 to 17 mm, especially preferably 10 to 12 mm, fruiting
stage or later. In one embodiment, the first dose is applied
when the fruit size is 6-8 mm. In another embodiment, the
first dose is applied when the fruit size is 8-10 mm. In one
embodiment, the second dose, if needed, is applied when the
fruit size is 12-14 mm. According to an embodiment, the
fruit thinning agent may be applied during the fruiting stage
BBCH69-BBCH?72, or during the fruiting stage BBCH71-
BBCH?72. In one embodiment, the first and/or second dose
is applied in the morning. In another embodiment the first
and/or second dose is applied in the afternoon. In yet another
embodiment, the first and/or second dose is applied in the
evening. This procedure permits the selective thinning of
fruit after observing the actual cropping level up to as late of
a date as possible. In one embodiment, the amount of the
first dose may be determined based on the photosynthetic
activity of the fruit bearing plant. In one embodiment, the
time of application of the first dose may also be determined
based on the photosynthetic activity of the fruit bearing
plant.

[0061] After the first application of the fruit thinning
agent, the efficacy of such application should be assessed. In
one embodiment, the application of the first dose has an
effect on fruit thinning. In one embodiment, application of
the first dose has a strong effect on fruit thinning. In another
embodiment, application of the first dose has a moderate
effect on fruit thinning. In another embodiment, application
of' the first dose has a low effect on fruit thinning. In another
embodiment, application of the first dose has no effect on
fruit thinning.

[0062] The term “strong effect” can be interpreted to mean
that the fruit bearing plant responds well to the fruit thinning
agent and a high percentage of the anticipated number of
fruit to be dropped was achieved. The term “minimal effect”
or “low effect” can be interpreted to mean that the fruit
bearing plant does not respond well to the fruit thinning
agent and only a low percentage of the anticipated number
of fruit to be dropped was achieved. The term “medium
effect” can be interpreted to mean that the fruit bearing plant
responds to the fruit thinning agent and the anticipated
number of fruit to be dropped may or may not have been
achieved. According to an embodiment, “strong effect”
means having a desirable fruit drop of greater than 50%,
“medium effect” means having a desirable fruit drop of
20%-50% and “low effect” means having a desirable fruit
drop of less than 20%.

[0063] In one embodiment, application of the first dose is
effective in reducing number of fruits per trunk cross-
sectional area, number of flower clusters per tree, fruits per
tree, and/or crop load. In one embodiment, application of the
first dose is effective in reducing the number of fruits per tree
by 5%-100% comparing to the number of fruits per tree on
an untreated tree. In one embodiment, application of the first
dose is effective in reducing the number of fruits per tree by
20%-80% comparing to the number of fruits per tree on an
untreated tree. In another embodiment, application of the
first dose is effective in reducing the number of fruits per tree
by 20%-50% comparing to the number of fruits per tree on
an untreated tree. In yet another embodiment, application of
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the first dose is effective in reducing the number of fruits per
tree by 30% or 40% comparing to the number of fruits per
tree on an untreated tree.

[0064] As there is a large number of factors affecting the
development of a fruit bearing plant, and as such the growth
of the fruit on the plant, the efficacy of the fruit thinning
agent is nearly impossible to accurately assess. Furthermore,
fruits generally do not show any visible sign until an average
of 14 days after the first application. It would be very
difficult to assess if the first dose of the photosynthesis
inhibiting fruit thinning agent was sufficient in that will the
expected number of fruits drop from the plant, and if not
how much fruit thinning agent should be applied in a second
treatment.

[0065] The evaluation in step S105 may comprise at least
two steps. In a first step, the photosynthetic activity of the
fruit bearing plant may be measured. The photosynthesis
process is the process by which organisms convert solar
energy to chemical energy. A photosynthetic system includes
a photosystem whose primary function is to absorb the
sunlight and the transfer of energy and electrons. The
photosystem comprises two important protein complexes,
namely photosystems I and II (PSI and PSII, respectively).
The activity of at least one of PSI and PSII may be
measured. Methods and devices for measuring the photo-
synthetic activity as described in U.S. Pat. No. 6,100,093,
which is hereby incorporated by reference. This reference
describes determining a relaxation parameter for a PSI for a
given crop, through the steps of (a) bringing at least some of
a number of types of molecules which are located on the
donor side of PSI into an oxidized state; (b) allowing at least
some of the oxidized molecules to be reduced; and (c)
determining the relaxation parameter, which contains infor-
mation on the speed of the reduction, wherein step (c)
comprises at least the following sub steps: (1) measurement
of absorption of light in a predetermined wavelength region
by the oxidized molecules in the crop during the reduction,
and (2) calculation of the rate of change in the measured
absorption as a function of time, the rate parameter being the
relaxation parameter. This reference also describes an appa-
ratus for determining the photosynthetic activity. The appa-
ratus comprises (a) means for bringing at least some of a
number of types of molecules which are located on the donor
side of PSI into an oxidized state; (b) means for allowing at
least some of the oxidized molecules to be reduced; and (c)
means for determining a relaxation parameter which con-
tains information on the speed of the reduction, wherein the
means for determining the relaxation parameter comprises at
least (1) means for measurement of absorption of light in a
predetermined wavelength region by the oxidized molecules
in the crop during the reduction, and (2) means for calcu-
lation of the rate parameter which contains information on
the speed of a change in the measured absorption as a
function of time. The determined rate parameter can be
compared to a relaxation parameter or range thereof in a
database to determine the photosynthetic activity.

[0066] Photosynthesis activity following the application
of a photosynthesis inhibiting fruit thinning agent may also
be determined using a Minimum Lethal Herbicide Dose
(MLHD) meter. One type of MLHD meter available is a
Plant Photosynthesis Meter (PPM-Meter). This type mea-
sures the fluorescence of the plant tissue under investigation,
on a scale of 0 (no photosynthesis at all) to 80 (completely
normal photosynthetic activity). A reading lower than 20
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predicts that a plant is likely to die if it has been treated with
a photosynthesis inhibiting agent. Values between 70-80
indicate healthy plants.

[0067] A second type of MLHD meter is a Photosystem I
(PSI) meter. The leaf'is clipped into the meter. This measures
absorption of light by plant tissue, on a scale of 0 (no
damage to PSI at all, normal photosynthetic activity) to 100
(all photosystems I are blocked, no photosynthetic activity).
Ambient light does not affect the reading when the plant
tissue is clipped into the meter. A reading higher than 80
indicates that the plant tissue is likely to die if it has been
treated with a photosynthesis inhibiting agent 2 days before
or more. According to an embodiment, a high PSI reading is
defined as a reading of >50, and a low PSI reading is defined
as <33%. In another embodiment, a high PSI reading is
defined as a reading of >65, and a low PSI reading is defined
as <50. In another embodiment, a high PSI reading is defined
as a reading of >50, and a low PSI reading is defined as <50.

[0068] Both of these MLHD meter types are described in
the MLHD manual (Opticrop/Plant Research International,
English version 2.0, 2004), the contents of which are hereby
incorporated by reference.

[0069] Another method of measuring photosynthetic
activity is by measuring CO, exchange. Non-limiting
examples of devices used for such methods are disclosed in
Long et al. (1996), the contents of which are hereby incor-
porated by reference. Many such devices encompass a leaf
in a chamber and measure the CO, uptake using non-
dispersive infrared gas analysis of the gas in the chamber,
although methods exist of measuring CO, uptake without
encompassing the leaf in a chamber.

[0070] Another method of measuring photosynthetic
activity is by using photoacoustic spectroscopy combined
with confocal scanning microscopy. Non-limiting examples
of devices used for such methods are disclosed in Kojima et
al. (2000), the contents of which are hereby incorporated by
reference. In one such device, the sample leaf is placed in a
photoacoustic cell. Modulated light, mechanically modu-
lated by a light chopper, and non-modulated light is com-
bined in a bifurcated fiber optic light guide and projected
onto the leaf. The leaf is pressed against a hole in the
photoacoustic cell, where the hole comprise a microphone.
The leaf is periodically heated by the periodic absorption of
the modulated light, causing pressure in the chamber to
oscillate at the chopping frequency, which in turn causes
diaphragm deflections which generate a voltage across a
resistor installed outside of the microphone. The voltage
generated will vary with the absorption.

[0071] One skilled in the art will recognize that any
methods or devices that can measure the photosynthetic
activity of the fruit bearing plant may be used in accordance
with the present subject matter. Methods of measuring
photosynthetic activity may also include but are not limited
to measuring light absorption rate, measuring the rate of
CO, uptake, measuring the O, production, measuring the
production of carbohydrates and measuring the increase in
dry mass.

[0072] According to some embodiments, the photosyn-
thetic activity of the fruit bearing plant may be measured for
a first time approximately 4-6 hours after the first applica-
tion. Subsequent measurements of the photosynthetic activ-
ity may be taken at least once, or at least twice a day for a
period of two, three, four, five or more days.
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[0073] Ina second step of evaluation step S105, the actual
meteorological data from the time of the first application
may be obtained. As mentioned with regards to step S101,
a multi-day weather forecast of meteorological data is used
as a parameter in determining the dosage rate of fruit
thinning agent for the first application. In step S105, the
actual meteorological data is evaluated as forecasts are
generally inaccurate, especially irradiation data, and as such
the efficacy of the first application may not be very high.

[0074] The data obtained from the evaluation step is
shown in FIG. 2. As can be seen in FIG. 2, it has been shown
that when the measured photosynthesis levels are low (i.e.
the fruit bearing plant is under high stress) and the levels of
available carbohydrates are reduced, the photosynthesis
inhibiting fruit thinning agent had a strong effect on the fruit
bearing plant. Conversely, when the measured photosynthe-
sis levels are high (i.e. the fruit bearing plant is under low
stress) and the levels of available carbohydrates are high, the
photosynthesis inhibiting thinning agent had a minimal
effect on the fruit bearing plant. One skilled in the art would
recognize that levels of photosynthetic activity are directly
related to the type of fruit bearing plant. According to one
example, photosynthetic activity levels above 15-22
pumol*m=2*s~! are considered high levels of activity and
levels below 15-22 umol*m~>*s~" are considered low levels
of activity.

[0075] Further, it has been shown that the fruit thinning
agent seems to have minimal or low effect on the fruit
bearing plant when measured photosynthesis levels are high,
regardless of the amount of carbohydrates available to the
plant. Also, when high levels of carbohydrates are available
to the plant, the fruit thinning agent seems to have minimal
or no effect, regardless of the level of measured photosyn-
thesis levels. As can be seen in FIG. 2, the fruit thinning
agent may have a medium effect on the fruit bearing plant
under certain conditions.

[0076] A carbohydrate balance model, namely the
MaluSim model, has been described in Robinson, T. L. and
A. N. Lakso, New York Fruit Quarterly Vol. 19(1): 15-20
(2011). The Malusim model calculates dry matter produc-
tion and consumption using primary photosynthesis level
and leaf area of the fruit bearing plant. Respiration from all
the organs of the tree together is calculated in Malusim and
delivers dry matter consumption. The respiration for the
fruits depends heavily on the temperature, but also on the
number of fruits and the fruit dry weight (i.e. fruit size).

[0077] Meteorological data such as temperature and
amount of available sunlight may be used to partially to
determine the ability of the fruit bearing plant to withstand
a chemical thinning process. For example, when there is
high outside temperatures and there is limited amount of
sunlight, fruit bearing plants may be responsive to chemical
fruit thinning due to the reduced levels of available carbo-
hydrates. With reduced levels of available carbohydrates
fruit bearing plants tend to drop fruits more readily. On the
other hand, when there is low outside temperatures and there
is a high level of sunlight, fruit bearing plants may be less
responsive to chemical fruit thinning due to the increased
levels of available carbohydrates. High levels of available
carbohydrates tend to make the fruit “stronger” in that the
fruit bearing plants is less inclined to drop the fruit from the
plant. One skilled in the art would know to appreciate that
determination of “high temperature” and “low temperature”
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is based on the average temperature of the given day,
including day time and night time temperatures for that day.

[0078] One skilled in the art would also know to appre-
ciate that the terms “high temperature” and “low tempera-
ture” are relative due to multiple factors such as for example,
type of fruit plant, size of the fruit, blooming intensity of the
fruit, age of the wood or plant, type of wood or plant, crop
load, flower bud quality, competition within clusters and
canopy cover. Generally, low temperatures relate to tem-
peratures below 20° C. and high temperatures relate to
temperatures above 30° C. Further, one skilled in the art
would know to appreciate that the terms “high level of
sunlight” and “low level of sunlight” are relative due to
multiple factors such as those listed hereinabove. Generally,
there are high levels of sunlight when there is no or minimal
amount of cloud cover and there are low levels of sunlight
when there is a high amount of cloud cover.

[0079] In order to determine if a second application of the
photosynthesis inhibiting fruit thinning agent is necessary, a
second application determination step S107 is required. Step
S107 may comprise two individual steps: (i) utilizing the
evaluated information obtained in step S105 and (ii) obtain-
ing impending meteorological data which may include but is
not limited to a multi-day weather forecast. According to an
embodiment, the multi-day forecast may include a period of
time before and/or after the second application of the fruit
thinning agent. For example, the weather forecast may
include one to two days preceding the second application
and/or one to two days after the second application.

[0080] According to an embodiment, the determination of
whether a second application of the photosynthesis inhibit-
ing fruit thinning agent is necessary is made based on
measurement at a time after the application of the first dose
of the photosynthetic activity of the fruit bearing plant. In
one embodiment, time of application of the second dose, if
needed, is also determined based on the photosynthetic
activity of the fruit bearing plant. In one embodiment, the
amount of the second dose, if needed, is also determined
based on the photosynthetic activity of the fruit bearing
plant.

[0081] According to an embodiment, the photosynthetic
activity includes at least one of PSI activity and PSII
activity. According to another embodiment, the photosyn-
thetic activity is measured for a period of at least 2-5 days
after applying the first dose. According to another embodi-
ment, the photosynthetic activity is measured for a first time
4-6 hours after applying the first dose.

[0082] According to an embodiment, the photosynthetic
activity is measured by a MLHD meter, by measuring CO,
exchange, by photoacoustic spectroscopy combined with
confocal scanning microscopy, by measuring light absorp-
tion rate, measuring the rate of CO, uptake, by measuring
the O, production, by measuring the production of carbo-
hydrates, or by measuring the increase in dry mass. Accord-
ing to another embodiment, the photosynthetic activity is
measured by a MLHD meter which is a PSI meter. Accord-
ing to another embodiment, following the first dose of the
photosynthesis inhibiting fruit thinning agent, i) if the PSI
meter measurement is low, a second dose of the photosyn-
thesis inhibiting fruit thinning agent is applied; ii) if the PSI
meter measurement is high, a second dose of the photosyn-
thesis inhibiting fruit thinning agent is not applied; and iii)
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if the PSI meter measurement is neither high nor low,
meteorological data is also used to determine if a second
dose is to be applied.

[0083] According to an embodiment, multiple PSI meter
measurements are made, and an average or weighted aver-
age of the PSI meter measurements is used to determine
whether a second dose is to be applied, or if meteorological
data is also used.

[0084] According to an embodiment, the meteorological
data is used to determine if the weather conditions are
favorable for a second application. Weather conditions may
be considered favorable when fruit bearing plants are
responsive to the fruit thinning agents. For example, when
outside temperatures are relatively high and available sun-
light is low, plants may be more responsive to the thinning
agents. On the other hand, when outside temperatures are
relatively low and available sunlight is high, plants may be
less responsive or not responsive at all to the thinning
agents.

[0085] According to an embodiment, meteorological data
includes at least one of daytime temperatures, nighttime
temperatures, amount of sunlight, cloud cover and humidity.
According to another embodiment, the meteorological data
from the time of the first application comprises meteoro-
logical data from 1-2 days prior to the application and/or 1-2
days after the application. According to another embodi-
ment, the method further comprises obtaining a multi-day
weather forecast preceding the application of the first dose.

[0086] In an embodiment, the amount of the second dose
is calculated.
[0087] In an embodiment, if the results of the evaluation

step determined that the first application had a “strong
effect”, and the impending weather conditions are favorable
for fruit thinning, a second application of the fruit thinning
agent may be applied at a low dose. If the impending
weather conditions are not favorable or are moderately
favorable, no second application of the fruit thinning agent
is applied.

[0088] In an embodiment, if the results of the evaluation
step determined that the first application had “no effect”, and
the impending weather conditions are favorable or moder-
ately favorable for fruit thinning, a second application of the
fruit thinning agent may be applied at a high or medium
dose. If the impending weather conditions are not favorable,
a second application of the fruit thinning agent may be
applied at a medium dose.

[0089] In an embodiment, if the results of the evaluation
step determined that the first application had a “low effect”,
and the impending weather conditions are favorable for fruit
thinning, a second application of the fruit thinning agent
may be applied at a high dose or a medium dose. If the
impending weather conditions are moderately favorable for
fruit thinning, a second application of the fruit thinning
agent may be applied at a medium dose. If the weather
conditions are not favorable, a second application of the fruit
thinning agent may be applied at a low dose.

[0090] In an embodiment, if the results of the evaluation
step determined that the first application had a “medium
effect”, and the impending weather conditions are favorable
for fruit thinning, a second application of the fruit thinning
agent may be applied at a high dose or a medium dose. Ifthe
impending weather conditions are moderately favorable for
fruit thinning, a second application of the fruit thinning
agent may be applied at a medium dose. If the weather
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conditions are not favorable, a second application of the fruit
thinning agent may be applied at a low dose.

[0091] Impending weather conditions are considered
“favorable” for fruit thinning when a higher dose of fruit
thinning agent is needed to achieve the same fruit thinning
effect, i.e. when there is high radiation and low temperature.
Radiation level may be affected by a variety of factors,
including, but not limited to, cloud coverage, time of year,
altitude, physical features of the land, and proximity to the
equator.

[0092] With regards to the second application, the term
“high dose” may refer to application rates of approximately
1.8 to 2.6 kg/ha, preferably approximately 2 to 2.4 kg/ha and
more preferably approximately 2.2 kg/ha. The term
“medium dose” may refer to application rates of approxi-
mately 1.25 to 2.05 kg/ha, preferably approximately 1.45 to
1.85 kg/ha and more preferably approximately 1.65 kg/ha.
The term “low dose” may refer to application rates of
approximately 0.7 to 1.5 kg/ha, preferably approximately
0.9 to 1.3 kg/ha and more preferably approximately 1.1
kg/ha.

[0093] Inaccordance with the results of determination step
S107, second application dosage S109 may be applied, if
necessary. The second application may be applied at least 5
days, 6 days 7 days or more after the first application.
[0094] According to an embodiment, the photosynthesis
inhibiting chemical thinning agent is selected from the group
consisting of metamitron, chloroxuron, fluometuron,
cyanazine, terbacil, simazine, propazine, terbutryn, dipro-
petryn, metribuzin, diuron, and bentazon.

[0095] According to an embodiment, the photosynthesis
inhibiting chemical thinning agent is metamitron.

[0096] In one embodiment, the amount of the second dose
is 0.2-7.5 kg/ha. In one embodiment, the amount of the
second dose is 0.5-2.5 kg/ha. In one embodiment, the
amount of the second dose is 0.5-2.2 kg/ha. In one embodi-
ment, the amount of the second dose is 0.75-2.5 kg/ha. In
one embodiment, the amount of the second dose is 1.1-2.2
kg/ha. In one embodiment, the amount of the second dose is
1.1 kg/ha. In one embodiment, the amount of the second
dose is 1.65 kg/ha. In one embodiment, the amount of the
second dose is 2.2 kg/ha.

[0097] According to an embodiment, the first or second
dose of chloroxuron is 2-7.5 kg/ha. According to another
embodiment, the first or second dose of fluometuron is
1.12-2.25 kg/ha. According to another embodiment, the first
or second dose of cyanazine is 0.25-2.2 kg/ha. According to
another embodiment, the first or second dose of terbacil is
1-4.5 kg/ha. According to another embodiment, the first or
second dose of simazine is 1.1-2.2 kg/ha. According to
another embodiment, the first or second dose of propazine is
0.2-2 kg/ha. According to another embodiment, the first or
second dose of terbutryn is 0.2-3 kg/ha. According to
another embodiment, the first or second dose of dipropetryn
is 1.25-3.5 kg/ha. According to another embodiment, the
first or second dose of metribuzin is 1.12-2.25 kg/ha.
According to another embodiment, the first or second dose
of diuron is 1.1-2.2 kg/ha. According to another embodi-
ment, the first or second dose of bentazon is 1.1-1.65 kg/ha.
In another embodiment, the first or second dose of any of
these photosynthesis inhibiting fruit thinning agents is 0.2-
7.5 kg/ha.

[0098] According to an embodiment, metamitron is used
as the photosynthesis inhibiting chemical thinning agent in
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methods of the present subject matter. Metamitron influ-
ences the transport of electrons in the PSII system, leading
to reducing the transfer from light energy to chemical
energy. The reduced production of carbohydrates at the same
demand level will cause fruit to drop.

[0099] According to an embodiment, photosynthesis
inhibiting fruit thinning agents according to embodiments of
the present subject matter may be used in conjunction with
other fruit thinning agents such as for example, ammonium
thiosulfate, naphthaleneacetamide, naphthalene acetic acid,
carbaryl, 6-benzyladenine, 6-benzyaminepurine and ethep-
hon.

[0100] The methods according to embodiments of the
present subject matter may be suitable for fruit thinning fruit
bearing trees, particularly in pome fruit trees. Examples of
pome fruit may include but are not limited to apples, pears
and quince. Varieties of apples may include but are not
limited to Boskoop, Braeburn, Cox Orange, Elstar, Gala,
Gloster, Golden Delicious, Fuji, Jamba, James Grieve, Jona-
gold, Jonathan, Lobo, MclIntosh, Red Delicious and Spartan.
Varieties of pears may include but are not limited to Asian
pears, European pears and Bartlett. There may also be
suitability for olive, pistachios, kiwi fruit, grapevines or
citrus crop.

[0101] In one embodiment, the subject invention also
provides a method of determining whether a dose of a
photosynthesis inhibiting fruit thinning agent is required to
be applied to a fruit bearing plant to thin fruit on the plant
comprising: (i) obtaining meteorological data affecting the
fruit bearing plant and/or a measurement of photosynthetic
activity of the fruit bearing plant, and (ii) determining
whether a dose of a photosynthesis inhibiting fruit thinning
agent is required based on the meteorological data and/or
photosynthetic activity obtained in step (i).

[0102] Ina preferred embodiment, the meteorological data
is obtained for the week before the planned application of
the dose of photosynthesis inhibiting fruit thinning agent. In
another preferred embodiment, the meteorological data
comprises temperature and radiation. In another preferred
embodiment, the meteorological data is interpreted using the
Brevis Index. Other types of meteorological data, periods of
time for which the meteorological data is obtained, and
methods of interpretation of the obtained meteorological
data are described above. Different types of measurements
of photosynthetic activity of the fruit bearing plant and their
methods of interpretation are also described above.

[0103] It will be appreciated that the methods and pro-
cesses described hereinabove can be implemented in hard-
ware, hardware programmed by software, software instruc-
tion stored on a non-transitory computer readable medium or
a combination of the above. For example, a method for fruit
thinning a fruit bearing plant can be implemented, for
example, using a processor configured to execute a sequence
of programmed instructions stored on a non-transitory com-
puter readable medium. For example, the processor can
include, but not be limited to, a personal computer, work-
station, tablet, cellular device or other such computing
system that includes a processor, microprocessor, microcon-
troller device, or is comprised of control logic including
integrated circuits such as, for example, an Application
Specific Integrated Circuit (ASIC). The instructions can be
compiled from source code instructions provided in accor-
dance with a programming language such as Java, C++,
Ctt.net or the like. The instructions can also comprise code
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and data objects provided in accordance with, for example,
the Visual Basic™ language, Lab VIEW, or another struc-
tured or object-oriented programming language. The
sequence of programmed instructions and data associated
therewith can be stored in a non-transitory computer-read-
able medium such as a computer memory or storage device
which may be any suitable memory apparatus, such as, but
not limited to read-only memory (ROM), programmable
read-only memory (PROM), electrically erasable program-
mable read-only memory (EEPROM), random-access
memory (RAM), flash memory, disk drive and the like.
[0104] Furthermore, the methods and processes can be
implemented as a single processor or as a distributed pro-
cessor. Further, it should be appreciated that the steps
mentioned above may be performed on a single or distrib-
uted processor (single and/or multi-core). Also, the pro-
cesses, modules, and sub-modules described in the various
figures of and for embodiments above may be distributed
across multiple computers or systems or may be co-located
in a single processor or system. Exemplary structural
embodiment alternatives suitable for implementing the mod-
ules, sections, systems, means, or processes described herein
are provided below.

[0105] The methods or processes described hereinabove
can be implemented as a programmed general purpose
computer, an electronic device programmed with micro-
code, a hard-wired analog logic circuit, software stored on a
computer-readable medium or signal, an optical computing
device, a networked system of electronic and/or optical
devices, a special purpose computing device, an integrated
circuit device, a semiconductor chip, and a software module
or object stored on a computer-readable medium or signal,
for example.

[0106] Embodiments of the method and system, may be
implemented on a general-purpose computer, a special-
purpose computer; a programmed microprocessor or micro-
controller and peripheral integrated circuit element, an ASIC
or other integrated circuit, a digital signal processor, a
hardwired electronic or logic circuit such as a discrete
element circuit, a programmed logic circuit such as a pro-
grammable logic device (PLD), programmable logic array
(PLA), field-programmable gate array (FPGA), program-
mable array logic (PAL) device, or the like. In general, any
process capable of implementing the functions or steps
described herein can be used to implement embodiments of
the method, system, or a computer program product (soft-
ware program stored on a non-transitory computer readable
medium).

[0107] Furthermore, embodiments of the disclosed
method, system, and computer program product may be
readily implemented, fully or partially, in software using, for
example, object or object-oriented software development
environments that provide portable source code that can be
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used on a variety of computer platforms. Alternatively,
embodiments of the disclosed method, system, and com-
puter program product can be implemented partially or fully
in hardware using, for example, standard logic circuits or a
very-large-scale integration (VLSI) design. Other hardware
or software can be used to implement embodiments depend-
ing on the speed and/or efficiency requirements of the
systems, the particular function, and/or particular software
or hardware system, microprocessor, or microcomputer
being utilized. Embodiments of the method, system, and
computer program product can be implemented in hardware
and/or software using any known or later developed systems
or structures, devices and/or software by those of ordinary
skill in the applicable art from the function description
provided herein and with a general basic knowledge of
chemical fruit thinning and/or computer programming arts.
[0108] For the foregoing embodiments, each embodiment
disclosed herein is contemplated as being applicable to each
of the other disclosed embodiments.

EXAMPLE 1

Using Photosynthetic Data and Meteorological Data
to Determine if, and how Large, a Second Dose of
Metamitron Should be Used

[0109] A formulation of metamitron in the form of a
soluble granule was diluted to the desired concentration with
water. The following concentrations were prepared:

[0110] 1.1 Kg/ha metamitron (low dosage)

[0111] 1.65 Kg/ha metamitron (medium dosage)

[0112] 2.2 Kg/ha metamitron (high dosage)

[0113] The experiments were conducted on the Golden

Delicious variety of apples in Germany and Italy. The first
application of metamitron was applied to the fruit trees in
May when the fruit was at fruiting stage BBCH69-BBCH72.
The second application of metamitron was applied, if appli-
cable, five days after the first application.

[0114] Local meteorological data was obtained from local
weather stations. The meteorological data was inputted into
the MaluSim Carbon Balance Model of Lakso (described at
http://newa.nrcc.cornell.edu/apple_thin_help.html, the con-
tents of which are hereby incorporated by reference) in order
to obtain the level of carbohydrates available in the fruit tree.
[0115] The thinning effect is calculated by comparing the
treated fruit trees with the untreated control as follows:

% control observed =

fruit dropped in untreated control — fruit dropped in treated tree 100
*

fruit dropped in untreated control

[0116] The following results were obtained:

TABLE 1

Fruit Thinning Efficacy - Italy

Predicted Fruit
Dose of 1% Carbohydrate Dose of 2°¢  Carbohydrate Load  Optimal
Application ~ Level @ 1%  Photosynthetic ~Application ~ Level @ 2*¢  (fruits/  Fruit  Thinning
(Kg/ha) application Activity levels (Kg/ha) application tesa) Load  Effect (%)
1.65 High Low 0 High 12.33 9 31.27
1.65 High Low 1.1 High 12.30 9 31.39
1.65 High Low 2.2 High 9.58 9 46.57
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TABLE 1-continued
Fruit Thinning Efficacy - Italy
Predicted Fruit
Dose of 1% Carbohydrate Dose of 2¢  Carbohydrate Load  Optimal
Application ~ Level @ 1¥  Photosynthetic ~ Application  Level @ 2"@  (fruits/ ~ Fruit  Thinning
(Kg/ha) application Activity levels (Kg/ha) application tesa) Load  Effect (%)
2.2 High Low 0 High 12.67 9 29.38
2.2 High Low 2.2 High 9.37 9 47.75
*tesa = trunk cross-sectional area
TABLE 2
Fruit Thinning Efficacy - Germany
Predicted Fruit
Dose of 1% Carbohydrate Dose of 2¢  Carbohydrate Load  Optimal
Application ~ Level @ 1°  Photosynthetic ~Application  Level @ 2*¢  (fruits/  Fruit  Thinning
(Kg/ha) application Activity levels (Kg/ha) application tesa) Load  Effect (%)
1.65 Low Low 0 High 11.20 6 33.2
1.65 Low Low 1.1 High 11.42 6 31.8
1.65 Low Low 2.2 High 6.83 6 39.3
2.2 Low Low 0 High 11.44 6 31.8
2.2 Low Low 1.1 High 11.40 6 32.0
2.2 Low Low 1.65 High 11.98 6 28.5
2.2 Low Low 2.2 High 8.07 6 51.8
*tesa = trunk cross-sectional area
[0117] As can be seen in Tables 1-2, based on the carbo- [0125] A second method of interpreting the data, using

hydrate levels (meteorological data) at the time of the first
application of the fruit thinning agent and the photosynthetic
activity levels of the fruit bearing tree after the application
of the fruit thinning agent, the first application of the fruit
thinning agent had no effect on the fruit bearing tree. Based
on this and on the predicted meteorological data for the time
of the second application, the second application should be
applied at a high dose in order to effectively thin the fruit
bearing tree. As can be seen in Tables 1-2, the recommended
higher dose of 2.2 Kg/ha of the fruit thinning agent had a
better effect than those of the lower doses. No over-thinning
was observed.

EXAMPLE 2

Using Only Photosynthetic Data to Determine if a
Second Dose of Metamitron Should be Used

[0118] This method was tested with all relevant met-
amitron trials applied to apple and pear trees from 2009-
2012, and compared to results using the method described in
Example 1. Concentrations of metamitron used were 1.1
kg/ha, 2.2 kg/ha, and 4.4 kg/ha
[0119] Two PSI meter readings, on a scale of 0-100, were
taken, prior to a potential second application. The first
measurements (P,) were taken between 2-4 days after appli-
cation (the 8-10 mm stage), and the second measurements
(P,) were taken shortly before the 12-14 mm stage.
[0120] The relevant calculation used was P, +2*P,=P,.
[0121] The resulting data was interpreted via two different
methods. One method of interpreting the data, using three
classes, was as follows:
[0122]
[0123] If P,>150: no second application was required.

[0124] If 100<P,<150: more information, such as
meteorological data, was required.

If P,<100: a second application was required.

two classes, was as follows:

[0126] If P,<150: a second application was required.
[0127] If P>150: no second application was required.
[0128] The resulting calculations were compared to the

results of the method used in Example 1. The results are
shown in Tables 3-4. “Yes” indicates a result in agreement
with the determination made by the method used in Example
1, whereas “No” indicates a result that was not in agreement
with the determination made by the method used in Example
1.

TABLE 3

Using 2 classes to make projections

Apples Pears
(n=17) (n =31)
P, Yes No Yes No
<150 Second application req’d 9 3 11 8
>150 No second application req’d 5 0 12 0
TABLE 4
Using 3 classes to make projections
Apples Pears
(n=17) (n =31)
P, Yes No Yes No
<100  Second application req’d 4 0 7 1
100-150 More information req’d 8 11
>150  No second application req’d 5 0 12 0
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[0129] The results demonstrate the feasibility of determin-
ing whether a second application of photosynthesis inhibit-
ing fruit thinning agent using only photosynthetic activity
data.

EXAMPLE 3

Using Meteorological Data to Determine when and
how Large a First Dose of Metamitron Should be
Used and Using Photosynthetic Data and
Meteorological Data to Determine if and how
Large a Second Dose of Metamitron Should be
Used

[0130] A formulation of metamitron in the form of a
soluble granule was diluted to the desired concentration with
water. The following concentrations were prepared:

[0131] 1.1 Kg/ha metamitron (low dosage)

[0132] 1.65 Kg/ha metamitron (medium dosage)

[0133] 2.2 Kg/ha metamitron (high dosage)

[0134] Local meteorological data is obtained from local

weather stations. In particular, the temperature and radiation
data is obtained. Temperature and radiation are the basic
parameters used for calculating CHO balance using the
Brevis Index.

[0135] Meteorological data, including temperature and
radiation data, from one week prior to the first application to
one week after the first application is obtained. Preferably,
meteorological data is obtained when fruit size is 8-10 mm.
The meteorological data, including temperature and radia-
tion data, is used to calculate the Brevis Index (BI1). Based

Jul. 26,2018

10

% control observed =

fruit dropped in untreated control — fruit dropped in treated tree

fruit dropped in untreated control x 100

[0139] Application of Brevis in accordance with method
described above yields a thinning effect of 20% to 60%.
Application of Brevis in accordance with method described
above yields a fruit load of 6-13 fruits/trunk cross-sectional
area.

EXAMPLE 4

Algorithm of the Brevis Index

[0140] An algorithm form the Brevis Index was devel-
oped. The algorithm for calculating the Brevis Index may be
improved as more data become available, particularly data in
different agricultural regions, including results from the
following trials:

TREATMENTS ‘RATE TRIAL’

Time of application and
rate Kg/ha Brevi<®

on BII1, the timing and amount of the first application of TREATMENT (A)gmme  (B) 14mme
metamitron is determined, and the first application of met-

. . . ’ . 1 CONTROL — —
amitron is applied accordingly to fruit trees. 3 BREVIS 11 (A) 0 (B) i1 -
[0136] Meteorological data, including temperature and 3 BREVIS 165 (A) 0 (B) 1.65 _
radiation data, is obtained for the period from the first 4 BREVIS 2.2 (A) 0 (B) 29 _
application to one week after the second application. The 5 BREVIS 0 (A) 2.2 (B) — 2.2
meteorological data, including temperature and radiation
data, is used to calculate the Brevis Index (BI2). Photosyn- @ indicates text missing or illegible when filed
thetic data is obtained for the period from the first applica-

TREATMENTS ‘TIMING TRIAL’
Time of application and rate Kg/ha Brevid®
7 mm o 9 mm o 11 mm o 13 mm o 15 mm o 17 mn®
Treatment (6-8 mm) (8-10 mm) (10-12 mm) (12-14 mm) (14-16 mm) (16-18 m
1 CONTROL — — — — — —
2 BREVIS 1.65
3 1 APLIC. x 1.65 1.65
4 1.65
5 1.65
6 1.65
7 1.65

@ indicates text missing or illegible when filed

tion to the second application. The photosynthetic data may
be obtained and interpreted using Example 2.

[0137] Based on BI2 and the photosynthetic data, whether
a second application of metamitron is needed is determined.
If needed, the amount of the second application of met-
amitron is determined, and the second application of met-
amitron is applied accordingly to fruit trees.

[0138] The thinning effect is calculated by comparing
treated fruit trees with the untreated controls as follows:

[0141] BI1 was calculated using temperature and radiation
data during a period prior to the application of the first dose.
BI1 indicates the % of fruit removed compared to untreated
plant per kg/ha of applied Brevis.

[0142] BI2 was calculated using temperature and radiation
data during a period prior to the application of the second
dose. BI2 indicates the % of fruit removed compared to
untreated plant per kg/ha of applied Brevis.
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[0143] While the present subject matter has been shown
and described with reference to preferred embodiments
thereof, it will be understood by those skilled in the art that
many alternatives, modifications and variations may be
made thereto without departing from the spirit and scope
thereof. Accordingly, it is intended to embrace all such
alternatives, modifications, and variations that fall within the
spirit and broad scope of the appended claims. Every
embodiment and feature described in the application should
be understood to be interchangeable and combinable with
every with embodiment contained within.

[0144] All publications, patents and patent applications
mentioned in this specification are herein incorporated in
their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent
application was specifically and individually indicated to be
incorporated herein by reference.
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1. A method of fruit thinning a fruit bearing plant,
comprising:

(1) applying an amount of a first dose of a photosynthesis

inhibiting fruit thinning agent to a fruit bearing plant;

(ii) determining whether a second dose of the photosyn-

thesis inhibiting fruit thinning agent needs to be
applied, and if so the calculated amount of such dose,
based on measurement at a time after the application of
the first dose of the photosynthetic activity of the fruit
bearing plant; and

(iii) if needed, applying the calculated second dose of the

photosynthesis inhibiting fruit thinning agent, thereby
fruit thinning the fruit bearing plant.

2. The method of claim 1, wherein the photosynthesis
inhibiting thinning agent is selected from the group consist-
ing of metamitron, chloroxuron, fluometuron, cyanazine,
terbacil, simazine, propazine, terbutryn, dipropetryn,
metribuzin, diuron, and bentazon.

3. The method of claim 1, wherein the amount of the first
dose and/or time of application of the first dose is deter-
mined based on meteorological data affecting the fruit
bearing plant.

Jul. 26,2018

4. The method of claim 3, wherein the meteorological data
includes:

(1) at least one of daytime temperatures, nighttime tem-
peratures, amount of sunlight, cloud cover, humidity,
average nighttime temperature, maximum daily tem-
perature, minimum daily temperature, and daily radia-
tion, and/or

(i1) a multi-day weather forecast, preferably over a period
of 3 days prior to the application of the first dose.

5. The method of claim 4, wherein the meteorological data

includes:

(i) a multi-day weather forecast for the 7%, 67, and 5% day
prior to the application of the first dose,

(ii) a multi-day weather forecast for the 67, 5% and 4%
day prior to the application of the first dose,

(ii1) a multi-day forecast of average nightly temperature
and average daily radiation over a period of 3 days prior
to the application of the first dose, and/or

(iv) a multi-day forecast of maximum daily temperature,
minimum daily temperature, and daily radiation over a
period of 3 days prior to the application of the first dose.

6. The method of claim 1, wherein:

a. the amount of the first dose is 1.1-2.2 kg/ha, preferably
1.1 kg/ha, 1.65 kg/ha, or 2.2 kg/ha, and/or

b. the first dose is applied when the fruit size is 6-8 mm,
8-10 mm, or 10-12 mm.

7. The method of claim 1, wherein the photosynthetic

activity of step (ii):

a. includes at least one of PSI activity and PSII activity,

b. is measured by a MLHD meter, by measuring CO,
exchange, by photoacoustic spectroscopy combined
with confocal scanning microscopy, by measuring light
absorption rate, measuring the rate of CO, uptake, by
measuring the O, production, by measuring the pro-
duction of carbohydrates, or by measuring the increase
in dry mass, and/or

c. is measured for a period of at least 2-5 days after
applying the first dose.

8. The method of claim 1, wherein the photosynthetic
activity is measured by a MLHD meter which is a PSI meter,
and wherein, following the first dose of the photosynthesis
inhibiting fruit thinning agent:

1) if the PSI meter measurement is low, a second dose of
the photosynthesis inhibiting fruit thinning agent is
applied;

ii) if the PSI meter measurement is high, a second dose of
the photosynthesis inhibiting fruit thinning agent is not
applied; or

iii) if the PSI meter measurement is neither high nor low,
meteorological data is also used to determine if a
second dose is to be applied.

9. The method of claim 1, wherein in step (ii), the
determination is also based on meteorological data from the
time of application of the first dose and the forecast of
impending meteorological data affecting the fruit bearing
plant.

10. The method of claim 9, wherein the meteorological
data includes:

a. at least one of daytime temperatures, nighttime tem-
peratures, amount of sunlight, cloud cover, humidity,
average nighttime temperature, maximum daily tem-
perature, minimum daily temperature, and daily radia-
tion, and/or
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b. a multi-day weather forecast, preferably over a period
of 5 days after the first application and before the
second application.

11. The method of claim 10, wherein the meteorological

data includes:

a. a multi-day weather forecast for the 8%, 7%, 67, 5% and
4™ day prior to the application of the second dose,

b. a multi-day weather forecast for the 7%, 6”, 5%, 4” and
3’7 day prior to the application of the second dose,

c. a multi-day forecast of average nightly temperature and
average daily radiation over a period of 5 days prior to
the application of the second dose, and/or

d. a multi-day forecast of maximum daily temperature,
minimum daily temperature, and daily radiation over a
period of 5 days prior to the application of the second
dose.

12. The method of claim 1, wherein the second dose is
determined to be needed and the amount of the second dose
is 1.1-2.2 kg/ha, preferably 1.1 kg/ha, 1.65 kg/ha, or 2.2
kg/ha.

13. The method of claim 1, wherein the second dose is
determined to be needed and:

a. the second dose is applied at least 5 days, at least 6

days, or at least 7 days after the first application, and/or

b. the second dose is applied when the fruit size is 12-14
mm.

14. The method of claim 1, wherein time of application of
the second dose is determined based on the photosynthetic
activity and/or the meteorological data affecting the fruit
bearing plant.

15. The method of claim 3, wherein the meteorological
data is used to evaluate carbohydrate balance of the fruit
bearing plant.

16. The method of claim 1, wherein the photosynthesis
inhibiting fruit thinning agent is metamitron, and step (ii)
comprises a) determining whether the first dose of photo-
synthesis inhibiting fruit thinning agent had a strong effect,
a medium effect, a low effect, or no effect on the plant, and
b) obtaining impending weather conditions, wherein:

a. the first dose had a strong effect and the impending
weather conditions are favorable or moderately favor-
able for fruit thinning, and the second dose is a low
dose,

. the first dose had a strong effect and the impending
weather conditions are not favorable or moderately
favorable for fruit thinning, and no second dose is
applied,

. the first dose had a medium effect and the impending
weather conditions are favorable for fruit thinning, and
the second dose is a high dose or a medium dose,

. the first dose had a medium effect and the impending
weather conditions are moderately favorable for fruit
thinning, and the second dose is a medium dose,

. the first dose had a medium effect and the impending
weather conditions are not favorable for fruit thinning,
and the second dose is a low dose,

. the first dose had a low effect and the impending
weather conditions are favorable for fruit thinning, and
the second dose is a high dose or a medium dose,
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g. the first dose had a low effect and the impending
weather conditions are moderately favorable for fruit
thinning, and the second dose is a medium dose,

h. the first dose had a low effect and the impending
weather conditions are not favorable for fruit thinning,
and the second dose is a low dose,

i. the first dose had no effect and the impending weather
conditions are favorable or moderately favorable for
fruit thinning, and the second dose is a high dose or a
medium dose, or

j- the first dose had no effect and the impending weather
conditions are not favorable for fruit thinning, and the
second dose is a low dose.

17. The method of claim 1, wherein the fruit bearing plant

is selected from:

a. the group consisting of a fruit bearing tree, a fruit
bearing bush, and a fruit bearing vine or ground cover,
or

. the group consisting of an olive tree, a pistachio tree,
a nut tree, a kiwi tree, a citrus tree, a melon vine, a
cucumber vine, a grapevine, a strawberry bush, a
raspberry bush, a blackberry bush, and a blueberry
bush.

18. The method of claim 17, wherein the fruit bearing tree
is a pome tree selected from the group consisting of an apple
tree, a pear tree, and a quince tree.

19. A method of determining whether a dose of a photo-
synthesis inhibiting fruit thinning agent is required to be
applied to a fruit bearing plant to thin fruit on the plant, and
if so, the amount of a first dose thereof, comprising:

(1) obtaining meteorological data affecting the fruit bear-
ing plant and/or a measurement of photosynthetic activ-
ity of the fruit bearing plant, and

(i) determining whether a dose of the photosynthesis
inhibiting fruit thinning agent is required based on the
meteorological data and/or photosynthetic activity
obtained in step (i), and if so, determining the amount
of the first dose based on the meteorological data
obtained in step (i).

20. A method of determining whether a second dose of a
photosynthesis inhibiting fruit thinning agent is required to
be applied to a fruit bearing plant, and if so, the amount and
timing thereof, comprising:

(1) obtaining a measurement of photosynthetic activity of
the fruit bearing plant following the application of a
first dose of a photosynthesis inhibiting fruit thinning
agent to the fruit bearing plant;

(i1) obtaining meteorological data from the time of appli-
cation of the first dose and the forecast of impending
meteorological data; and

(ii1) determining whether a second dose of the photosyn-
thesis inhibiting fruit thinning agent is needed and if so,
the amount and timing thereof, based on both the
measurement obtained in step (i) and the meteorologi-
cal data obtained in step (ii).

21. (canceled)



